Numerous studies investigating the aetiology and pathogenesis of murine autoimmune disease have shown the importance of genetic, viral, and environmental factors in determining both the onset and severity of disease.' The (NZB XNZW)Fl (NZB/W) hybrid mouse spontaneously develops immunopathological abnormalities similar to those of human systemic lupus erythematosus and Sjogren's syndrome,24 and is a well established model for these disorders.
Immunologically, systemic lupus erythematosus is characterised by many cellular and humoral defects, including the production of numerous autoantibodies to DNA, RNA, and cellular antigens. Sjogren's syndrome is a chronic inflammatory autoimmune disease, in which lymphocytic and plasma cell infiltration of the salivary glands and lacrimal glands is associated with tissue destruction of these organs and concomitant decreased production of saliva (xerostomia) and tears (xerophthalmia). 5 The NZB/W mouse has been used for numerous studies on autoimmunity and experimental therapeutics. Virtually all these investigations, however, have focused on the systemic lupus erythematosus components-namely, the production of autoantibodies and the occurrence of immune complex mediated inflammation, particularly in the kidneys. The NZB/W mouse also develops autoimmune related exocrine gland disease, which resembles the abnormalities seen in human Sjogren's syndrome, as well as other less specific autoimmune relatedimmunopathological phenomena. Our laboratory and others have shown that autoimmune disease in NZB/W mice can be affected by nutritional variables such as lipids, energy value, proteins, vitamins, and minerals.6 In particular, we have shown that NZB/W mice fed near-isocaloric diets, varying only in the type and quantity of fat, showed marked differences in immune responses and severity of autoimmune disease manifestation.7-9 Invariably, the low fat diets reduced the symptoms of autoimmunity, whereas animals fed high levels of lipid generally showed severe disease.
Thus the aim of this work was to examine the contribution of dietary lipid to some of the less studied aspects of autoimmune disease in NZBIW mice and make a preliminary assessment of the role of nutrition in regulating the progression of these symptoms. 765
Materials and methods

ANIMALS
Weaned female NZB/W mice (3-4 weeks of age) were purchased from the Jackson Laboratory-, Bar Harbor, ME. Food and water were given freely.
DIETS
The diets selected for these experiments have been used previously in our laboratory, 7-9 except and graded on a positive/negative scale. This system was used to distinguish more accurately the destructive tissue infiltration from focal infittration previously reported to occur in 25% of non-autoimmune female mice. '0 Sections with focal and diffuse infiltrations affecting less than 10% of the exocrine tissue were scored as negative (Fig. 2a) . The presence of abnormality, including multifocal infiltration and destruction of tissue architecture, affecting at least 10% of the tissue was scored as positive ( Fig. 2b) . Several sections from each tissue were examined to ensure an accurate evaluation. Slides were scored blind by two independent observers. In the event of disagreement between scorers the slide was reviewed until an agreed score was achieved. At the end of the study the code was broken and the results tabulated. Table 1 shows that the mean length of filter paper wetting (expressed in mm) in the mice fed the low fat diet was significantly greater (p<0-001, Student's t test) than in those mice fed either the high saturated or unsaturated fat diets. Although ocular wetting by animals fed the control diet was also greater than by mice fed either of the high fat diets, the differences were not statistically significant. examination and identification of lacrimal and i lowfat and high saturatedfatfed parotid gland infiltration in NZB/W mice has been (P<O0-XI).
previously described by Kessler et al.4 Thus low power magnification was used to illustrate the extensive destruction of tissue architecture rather nths of age. At 7 months a than identification of the inflammatory cells. As the cked cell volume was observed mean animal weights from each of the four diet itained on the control, high groups did not differ significantly, body (and thus most notably, the high satu-organ) size is unlikely to be responsible for dif-.e animals fed the low fat diet ferences in the Schirmer test results.10 The mechdecrease in packed cell volume. anism(s) by which a low fat diet partially protects nimals the difference between the animals from exocrine dysfunction remains 11 volumes of the low fat and speculatory. Although it is possible that changes in oups was 0-06; this difference fat intake may directly alter the metabolism of the D-0073). For comparison pur-secretory cells in the lacrimal gland, we believe that ed cell volume for inbred, non-it is more likely that the dietary manipulations act c is 0-48." through the immune system and regulate the ints (Fig. 4) at 4 months of age flammatory processes that occur in these animals.
difference between the diet Specifically, we believe that the lipid content of the however, reticulocyte counts diet influences the migration of mononuclear cells
Ily in animals from all diet into the exocrine tissues of these animals and thus ect was most pronounced in the has a direct bearing on the development of the oup) except for those animals autoimmune disease. As mentioned above, previous v fat diet, where no change was experimentation by our group has shown that both a significant (p<0-001) differ-qualitative and quantitative changes in dietary fat ocyte values from the low fat intake can profoundly affect a broad range of t fed groups at 7 months of age. humoral and cellular factors that are associated with te value for non-autoimmune autoimmune disease in NZB/W and MRIlpr mice, %. 1 1 We were unable to detect and it would seem logical that the immunopathology ntibodies in the sera of any of of the lacrimal gland falls into the same category. indirect Coombs' test, though Nevertheless, the precise mechanism by which ed from NZB mice (which alterations in the rate of progression of Sjogren's syndrome occur is unclear. The effects of dietary fat on the immune system are extremely complex and lymphocyte function can be modulated in several ways, including via arachidonic acid metabolism, alterations in the fatty acid composition of the cell membrane, and plasma lipoproteins.13 14 Extensive studies are necessary to determine the exact manner by which dietary fats influence autoimmune disease. The array of autoantibodies associated with murine autoimmune disease includes anti-red blood cell antibodies, which mediate their effects via type II hypersensitivity.5 The ability of dietary lipids to ameliorate the severity of immunohaemolytic anaemia was shown by the preserved packed cell volume and near-normal reticulocyte count in those mice fed the low fat diet. Conversely, increases in reticulocyte counts and marked drops in packed cell volumes were seen in those mice fed diets higher in lipid, especially the high saturated fat group. These data are consistent with an earlier study performed by Femandes et al,16 who showed that NZB mice had a late onset of haemolytic anaemia when fed a low fat/high protein diet in comparison with counterparts maintained on a high fat/low protein regimen. Although we were unable to show the presence of autoantibodies by the Coombs' test, the combination of the low packed cell volumes and increased reticulocyte counts clearly suggests the existence of a haemolytic process in these animals. Thus we attribute this apparently negative finding to the fact that most of the antierythrocyte antibodies, which in the NZB/W mouse are produced in relatively small quantities in comparison with the NZB parent,3 are fully absorbed onto circulating red blood cells. It is conceivable that we might have detected such antibodies using the direct Coombs' test, but the logistics of the experiment did not permit the procedure. We do not exclude the possibility that the loss of red blood cells in these animals may be because of haematuria or mechanical angiopathic haemolysis due to vasculitis. Such possibilities can still be attributed to the broad effects of the autoimmune disorder(s) present in these animals and thus warrant further investigation.
The results from this study support the use of the NZBIW mice as a model of human systemic lupus erythematosus and Sjogren's syndrome, and confirm the dramatic effect of lipids on immune function. Interestingly, human Sjogren's syndrome is usually unresponsive to conventional non-steroidal antiinflammatory drugs, and in some cases these agents may have adverse effects. ' 
